ALTHOUGH the surprisingly high capacity for hybridization among species of the odontophorine genera Colinus, Callipepla, and Lophortyx has been recognized for some time (Gray, 1958) , no systematic attempt has been made to produce and study such hybrid combinations. Those that have occurred have resulted under natural conditions or have been fortuitously produced by game breeders who were interested neither in the hybrids themselves nor in determining their relative fertility. As a result, the only positive information so far available on the fertility of hybrids among this group is that of Shore-Baily (1913), who obtained a brood of Fs hybrids from an original cross between a male Scaled Quail (Callipepla squamata) and a female California Quail (Lophortyx californica). These secondgeneration birds died before their fertility could be determined. Hubbard (1966) reported a possible back-cross hybrid involving Scaled Quail backcrossed to Gambel's Quail (Lophortyx gambelii) taken in New Mexico. To my knowledge, no other case of successful hybridization beyond the first generation has been reported, although hybrid females of various intergeneric combinations have been known to produce eggs (Johnsgard, 1970). To gain more satisfactory information on the possible fertility of such hybrids, and to study behavioral and morphological features of these birds, an effort has been made to breed interspecific hybrid combinations involving all of the North American species of these three genera. These include the Scaled Quail, Gambel's Quail, California Quail, Elegant or Douglas Quail (Lophortyx douglasii), and Bobwhite (Colinus virginianus). Also as the hybrid combination has twice been reported to occur in nature, the Mountain Quail (Oreortyx picta) was crossed with the California Quail. All birds were kept indoors in rooms provided with 17-hour photoperiods and temperatures ranging from about 70 to 80.øF. Two types of cages were used with equal success, including standard wood and wire-bottom quail breeding pens measuring 24 X 24 X 72 inches, and entirely open welded wire cages approximately 18 X 14 X 48 inches. Nest boxes were also provided, but the birds rarely used them. Eggs were collected daily, placed temporarily under cool storage in plastic bags, and set in an incubator at weekly intervals. The incubator was a forced-air model of commercial size with automatic turning, set for dry bulb and wet bulb readings of 99.3x Contribution No. 421 from the
100øF and 83-88øF respectively. This setting, which is that recommended for domestic fowl eggs, gave good hatching success with an incubation period of slightly over 23 days for all quail species and hybrid combinations studied. Eggs were initially candled after 7 days, when infertile eggs and dead embryos ("early embryonic death" in Table 1 ) were removed. Subsequent prehatching mortality was recorded as late embryonic death, including failure to complete pipping. Establishment of hybrid pairings was usually achieved with little difficulty. Whenever possible birds representing the desired crosses were placed together before they had reached sexual maturity, and in some instances as soon as they could be accurately sexed. Fully adult birds were also used, and with few exceptions they soon tolerated the new partner. Females that were already producing eggs sometimes did not interrupt their egg-laying schedule when placed with a new male, although none of the eggs dropped shortly after new pairings were made proved fertile. Serious injury or the death of a newly introduced female occurred in only a few instances, and could usually be avoided by early separation of noncompatible birds. Pair formation in all the species appears to consist of ritualized aggressive postures and inhibited attacks on the female, while the latter assumes submissive postures such as crouching. Differences in the vocalizations, postures, and plumage characteristics of the various species that may serve as isolating mechanisms under natural conditions are subjects of future studies and are not considered here. Table 1 . With few exceptions the number of eggs incubated is less than the total laid, as some eggs were cracked, used for albumen analysis, or not incubated for other reasons. As the table shows, success was achieved in rearing F• hybrids between the Bobwhite and Gambel's Quail, the Bobwhite and Scaled Quail, the Scaled and Gambel's Quail, the California and Scaled Quail, and between the California and Mountain Quail. Except for the first-named cross, all these combinations have previously been reported from the wild or captivity (Johnsgard, 1970). The fairly substantial losses of young of both hybrids and parental types stemmed primarily from two sources, cannibalism and accidental chilling. Even weekly bill-trimming failed to control completely losses from pecking, which caused the most severe losses. In no case was the death of any F• hybrid clearly attributed to a weakness at hatching. The weakest chicks at hatching were those of the Douglas Quail, of which only 4 out of 32 successfully completed pipping and none lived beyond a week. Likewise both the Scaled and Gambel's Quail young showed a surprisingly high incidence PAUL A. JO•SGARD [Auk, Vol. 88 The "other hybrid pairings" included in Table 1 consist The Bobwhite x Gambel's Quail hybrid appears definitely to be sterile. All the eggs laid by the only female reared of this cross were distinctly smaller than normal (average of 10 is 24.7 x 19.5 mm). None of the eggs representing potential F: offspring developed beyond the earliest embryonic stages, and when the F• male was later paired with a female Gambel's Quail all of the resulting fertile eggs also suffered early embryonic death.
RESULTS

Egg production, fertility, and viability.--A summary of incubation and rearing results appears in
The Bobwhite x Scaled Quail hybrids that have been reared are apparently sterile, at least inter se. All six females have laid eggs but most of these are distinctly smaller than normal (average of 10 laid by three females is 21.5 x 16.6 mm), and only one female has produced eggs of nearly normal size. Further, all the eggs these females produced have proved either infertile or have in any case shown no detectable embryonic development. It is P^uL A. Jo•t•sc^RD [Auk, Vol. 88 of interest that in this cross• as well as the Scaled X California cross, no obvious excess of males has been noted (collectively 14 males and 13 females have been reared to maturity). Excessive males are frequently encountered in many intergeneric galliform hybrids and apparently are a reflection of a sex chromosome imbalance, causing differential sex mortality or sex reversal (Sandnes and Landauer, 1938 ). It has not been possible to determine the fertility of the single male F• Mountain • California Quail that has been reared, as the female California Quail it was paired to has produced no eggs.
The results of these studies to date are similar to those of Morejohn (1968), who found that in crosses between two congeneric species of junglefowl (Gallus) the F• offspring had high hatchability and were vigorous, but laid smaller-than-normal eggs and exhibited high embryonic mortality, with no F2 birds surviving to maturity. He did, however, succeed in hatching and rearing a few backcross offspring.
Inheritance Although the drawings in Figure 1 represent the breeding plumage, it is of interest that, in some of the hybrid crosses reared, a distinctive subadult plumage immediately followed the juvenal plumage. Thus the male Bobwhite x Gambel's Quail temporarily exhibited an entirely white throat after molting its buffy juvenal plumage, but within a few weeks began replacing these feathers with black in the chin region, a condition that has persisted in succeeding molts. Similarly the male Mountain X California Quail initially had an entirely black throat immediately after its postjuvenal molt, but this was later permanently altered to a chestnut throat with a narrow black border. These two instances, and one mentioned below, support the view originally proposed by Dwight (1900) but questioned by Raitt (1961) 
